should not produce self-assembling motifs, as it is the case.
Water splitting is actively researched because demand for cheap hydrogen is expected to rise with the forthcoming hydrogen economy. 8 The electrical energy needed for the electrolysis of water is not fully converted into chemical energy of hydrogen, thus lowering the efficiency of the process to 50-70%. 8a There are several facts affecting the performance of an electrolysis process, leading to a high overpotential to drive the reaction.
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Among others, the nature of the electrolyte is paramount to produce hydrogen and oxygen and is the object of this study. -may participate in the water electrolysis either as a discrete entity or, in the basis of the investigations described above, as a selforganized aggregate. For a fixed concentration of the anion, the behaviour of an electrolyte would be more efficient if the anion performed as a discrete entity; whereas if it was self-organized in agglomerates, the efficiency would be much lower and more similar to the performance of a surfactant.
We shall see that even at 0.1 M, the behaviour of [Co(C 2 B 9 H 11 ) 2 ] -is this of a species that self-organizes forming aggregates in solution. In addition, a relationship between fine molecular structure modification and their performance as surfactants in aqueous solutions will be observed
Results and discussion
As carborane anions have a low charge density, it was expected that if they behaved as a discrete entity, and if they performed as WCAs, their residence time on the electrode would be short or, in other words, they would be easily removed from the electrode surface by the electroactive species. metallacarboranes exhibit an envelope of signals centred at the molecular signal in their mass spectra. The high stability of these anions enable to run MALDI-TOF-MS experiments avoiding the use of a matrix, and this is most probably the reason for the direct relationship between the peak intensity and the molar fraction. 10 As clusters have the same number of boron atoms (18), the molecular peaks roughly show a similar envelope shape, just modulated by the number of chlorine substituents that are influenced by two isotopes: 35 Cl (76%) and 37 Cl (24%). Thus, the integral of the area under the multiplets is used to estimate the composition of each mixture directly from the spectra (see Table 1 and Fig. 2 Figure 3 show that H[1] and the mixtures I, II and III are, among all electrolytes studied in this work, these that behave more poorly since the voltage required to reach 40 mA is in the range 4 -4.3 V, whereas for electrolytes HNO 3 and HClO 4 it is required around 2.9 V and for HBF 4 it is needed 3.5 V. The results are in disagreement with the supposed WCA behaviour of the metallacarboranes and also of them performing as separate entities. These results should then be interpreted as if the effective concentration of electrolyte in H[1] or the metallacarborane mixtures I -III was lower than would be expected on the basis of the nominal concentration, 0.1 M. A visual inspection on the electrolysis experiments is shown in Figure 4 . It can be clearly seen that foam is produced during the generation of H 2 (g) and O 2 (g) in all experiments in which metallacarboranes were the electrolytes (see Fig. 4 left) . By contrast, no foam is observed when conventional electrolytes are used. As foaming is commonly attributed to surface active agents, and in the electrolysis experiments we observed low efficiency for H[1] and mixtures I -III, we thought that their behaviour was that of surfactants, which would reduce the free (un-aggregated) concentration of the electrolyte. These results could be considered as an experimental demonstration of the surface active property of metallacarboranes, extended also to its chlorinated derivatives. PTS and DBS have the same chemical structure, R-Ar-SO 3 -, only differing in the R group (methyl for PTS and dodecyl for DBS), which also implies a difference in their surfactant properties. DBS, unlike PTS, is a well-known anionic surfactant, commonly used in the production of commercial washing powders. 11 Since it forms micelles in aqueous solutions, 12 its mobility is expected to be reduced in water, behaviours between the studied electrolytes. The most efficient electrolytes are HNO 3 and HClO 4 , followed by HBF 4 and PTSA. The latter belongs to a class of molecules generally called hydrotropes, that are defined as small amphiphilic molecules that do not form well defined micelles in water. 13 The least efficient electrolytes are the metallacarboranes and DBSA, which appear at the same region in the I/V plot through the whole range of applied voltages. Although the molecular structure of [1] -does not display the conventional structure of a surfactant, in this work we provide the results of a macroscopic experiment proving the surfactant behaviour in aqueous solutions of [1] -and that this is due to the formation of aggregates.
Nature of the aggregates
Surfactants are amphiphilic compounds meaning that they contain hydrophobic tails and hydrophilic heads. Metallacarboranes lack the amphiphilic topology characteristic of surfactants. However, metallacarboranes at low and high aqueous concentrations display many characteristics of surfactants. Despite both having a similar behaviour, the type of forces that generate the aggregates are expected to be very different in the two cases. For the metallacarboranes used in this work, a good deal of structural interactions information can be retrieved from the Cambridge Structural Database, CSD. The studies reported in this work support this theory. A thorough visual inspection of Fig. 3 
at the region of the metallacarboranes shows that H[1]
-is the worst eletrolyte for water splitting, followed by mixture I, mixture II and III being the best among them. This is in accordance with the descending order of available B-H groups for B-H···H-C c dihydrogen bonds. . This anion is divalent and it cannot be directly compared to the monoanionic metallacarboranes. Therefore, we added to the study the divalent SO 4 2-anion, which is one of the most typically used anions in water electrolysis due to its high oxidation potential. As shown in Fig. 6 solution with the same ionic strength corroborates that the dodecaborane does not behave as a surfactant. The absence of foam during the electrolysis experiment, as shown in Fig. 4 right, supports the hypothesis that B-H···H-C c bonds are responsible for the formation of metallacarborane aggregates in water. To further study these electrolytes in solution, electrolysis experiments have been carried out in which an organic solvent, acetonitrile, has been added to water in different ratios to observe the effect on the response of the metallacarboranes and the borane cluster. In Fig. 7 are represented the results of these experiments for H[1] and the non-surfactant electrolyte HClO 4 .
As seen in Fig. 7 , HClO 4 becomes less and less efficient when increasing the ratio of acetonitrile, since more potential is needed to achieve the same intensity. The same experiment has been carried out with Na 2 [B 12 H 12 ] and Na 2 SO 4 as electrolytes (see Fig. 8 ) and, as expected for their non-surfactant properties, they behave in a similar manner to HClO 4 : their performance is reduced when adding acetonitrile because they do not form aggregates in water and, therefore, no effect related to the destruction of aggregates (or variation of the electrolyte concentration) is observed. However, the response of Na 2 [B 12 H 12 ] is better than Na 2 SO 4 upon addition of acetonitrile, indicating more compatibility with organic solvents. This may be also the reason for the slight improvement observed in Na 2 [B 12 H 12 ] when increasing the ratio of solvents to 30:70, despite the decrease in the dielectric constant. No experiment at 30:70 could be done with Na 2 SO 4 due to its insolubility.
In conclusion, the use of mixed solvents evidences that [B 12 H 12 ] 2-does not behave as a surfactant, in opposition to [1] -, and this reinforces the well-established hypothesis that B-H···H-C c bonds are necessary to form aggregates in water. H}-NMR in aqueous solution. NMR measurements give information on the molecules in the bulk of the solution, therefore providing information on their aggregation in one particular solvent. As previously commented, the cluster C c -H units in [1] -are ready to generate B-H···H-C c dihydrogen bonds. When this moiety is surrounded by water molecules, it rearranges its internal conformation to avoid the direct contact with water molecules. Therefore, in an aqueous medium, , the lack of C c -H vertex prevents the self-assembly of the molecules, easing a free rotation, and producing narrow NMR signals, observed in Fig. 10 -(see Fig. 9 (···)). 
NMR evidences of the formation of [1] -aggregates

Experimental methods
Reagents and materials
The cesium salts of some chlorinated derivatives of Graphite rods, 3mm diameter, were supplied by SigmaAldrich.
Set-up for the electrolysis of water
A 40V/5A DC supply was used as the electron source for the electrolysis experiments. The graphite electrodes were connected to this device separated 1.5 cm from each other and submerged 1.5 cm in the electrolyte solution (10mL).
Characterization
All synthesized compounds and mixtures were characterized by 11 , which has the highest number of B-H bonds in the molecule. The explanation for this is the higher capacity to generate B-H···H-C c dihydrogen bonds in the non-or less-halogenated molecules. The formation of these dihydrogen bonds is the reason, or one of the main reasons, for the self-assembling ordering observed in these compounds that have led to the unusual aqueous behaviour. To generate B-H···H-C c dihydrogen bonds, it is needed the presence of H-C c vertices at the carborane cluster. If this assumption was correct, the absence of such unit would prevent the formation of the aggregates. Thus, [B 12 H 12 ] 2-was also studied: it has B-H units but lacks H-C c units. Consequently, it should not produce selfassembling motifs, as it is the case. In fact, [B 12 H 12 ] 2-has a behaviour in aqueous media similar to SO 4 2-. We expect that this surfactant behaviour of metallacarboranes can have relevance both for molecular materials and medical applications.
